The development of wind energy conversion systems becomes one of the most important aims of any developing countries such as Tunisia. This is due to the reduction in wind turbine costs, and in fossil fuel atmospheric pollution. The evaluation of wind power potential is very necessary to estimate wind resource and therefore conduct the suitable decisions for the wind power generation projects, technical and economical feasibility researches. The presented work in this paper was to investigate the potential of wind resource in the Gulf of Tunis in Tunisia. The hourly mean wind speed and wind direction with a 10-min time step provided by the NRG weather station were used to analyze the wind speed characteristics and the wind power potential. Weibull parameters are estimated based on the most frequently used methods which their accuracy was compared on different goodness of fit tests. Those wind characteristics are required to give wind project users the picture of wind potential in the Gulf of Tunis.
INTRODUCTION
Nowadays, the socio-economic development is one of the important goals of many countries. However, this goal is always accompanied by an increase of energy demand. Actually, this target is completely failed in many countries all over the world due to the lack of electrical energy production processes. Indeed, it is estimated that two billion citizens in developing countries suffer from lack grid based electricity service [1] . Unfortunately, several applications with sensitive and strategic interest, for instance, the relays of telecommunication, borders stations, isolated habitat, clinics, etc…require continuous and permanent energy supply. In some cases, grid extension can be impractical because of dispersed populations. Hence, small off grid stand alone renewable energy systems represent a significant solution for narrowing the electricity gap in rural parts of the developing world [2, 3] . Judged as clean and abundantly available in nature, renewable energy sources like wind turbine (WT) and solar photovoltaic (PV) are now well developed and cost effective. Wind energy knows a wide use and represents the fastest growing energy technology. Statistics have already shown that its yearly growth in terms of installed capacity is very promising [5] .
It is important to state that more than 83% of the worldwide wind capacity is installed in only five countries: Germany, USA, Denmark, India and Spain where most of the wind energy knowledge is developed [6] . At the beginning of this century, the improvement of wind energy continued and it has been implicated in many fields like education, research and some expert projects for electric use. The spread of wind energy progress is not evenly distributed around the world. By the end of 2001, the total operational wind power capacity worldwide was 23,270 MW. We note that 70.3% of this capacity was installed in Europe, followed by 19.1% in North America, 9.3% in Asia and the Pacific, 0.9% in the Middle East and Africa and 0.4% in South and Central America [6] .
At the present time, wind turbines are the most modern technologies that can be installed quickly [7] . At the end of 2008, the established wind power capacity was around 159.2 GW for the whole world and only 593MW in Africa but that is set to change rapidly thanks to new plans which were declared there. For example, Egypt has announced projects to have 7,200MW of wind electricity by nearly 2020, meeting 12% of the country's energy needs. Over the same period, Morocco aims to satisfy a 15% of its electrical energy requirement based to wind energy farms. Unlikely, South Africa and Kenya have not announced such long-term goals and so forth.
SITE DESCRIPTION AND EXPERIMENTAL DESIGN
This present study is related to the wind energy assessment in the central coast of the Gulf of the capital of Tunisia which represents an intriguing cross-cultural blend of Europe and Africa. It is located on the North African coast of the Mediterranean Sea, with 1298 km coastline, between Algeria and Libya and just south of Italy. Tunisian mainland is situated between the approximate latitudes 30-37°N and longitudes 8-12°E. This country has a small surface of 164,150 km 2 , an average population density of 56 persons.and a maximum altitude of 1544 m (Jbal-Chaambi).
The north of Tunisia has a wet climate while the desert (aridity) is spread out in the south with Saharan dry weather beginning from the state of Tataouin to the Libyan borders. In fact, the occurrence of hot southern winds, in spring and summer seasons, are responsible to the semi-aridity weather in the south. The coasts are extensive from Tabarka to the island of Jerba and Zarzis. The hilly regions of Tunisia located in North-West and the West of Tunisia are characterized by a little wind potential while the other regions of the country and specially the coastal plains are relatively windy.
In the present study, the treatment of 52704 measurements of hourly mean wind speed and wind direction with a 10-min time step provided by the NRG weather station in the central coast of the Gulf of Tunis in Tunisia for the period 2008-2009. Further measurements, which were recorded every 10 min, could be provided by this station like wind direction, ambient temperature and the solar flux. All the characteristics of wind energy of the studied site have been thoughtfully investigated and annually spatial mean information of wind energy potential has been offered.
Fig.1. Geographic description of the studied area

MODELINGOF WIND POTENTIAL CHARACTERISTICS WIND SPEED ADJUSTMENT
Wind speed data is frequently available from a different height than the hub height of the turbine. The effect of different heights on wind speed has been studied by many researchers [8] . Wind speed at any hub height can be adjusted from the measured wind speed by anemometer using the power-law equation [9] :
where ܼ ௨ , ܼ , ߙ, ܸሺܼ ௨ ሻ, ܸሺܼ ሻ are respectively the hub height of the wind turbine, the anemometer height, the power law exponent, the wind speed at the hub height of the wind turbine and the wind speed at anemometer height.
The exponent, ߙ, under the heading ''the ground surface friction coefficient'', varies with ground level height, time of day, season, nature of the terrain, wind speeds, and temperature. A previous study was done by Dahmouni et al. [10] who indicated that the experimental value of the power law exponent is 0.185 and this value will be adopted in this work. Indeed, in this paper, we assume also that the air density is equal to 1.225 kg/m 3 .
WEIBULL DISTRIBUTION METHODS
Wind speed frequency distribution has been represented by various probability density functions such as gamma, lognormal, three parameter beta and Rayleigh, Weibull distributions. Recently, the Weibull distribution plays central part in the study of wind climate and wind energy [11] . Since the Rayleigh distribution is only a subset of the weibull distribution, it has been one of the most commonly used and recommended distribution to evaluate wind energy potential and it has been used for commercial wind energy soft wares such as Wind Atlas Analysis and Application Program (WAsP) [12] . The Weibull distribution is often used to characterize wind regimes because it has been found to provide a good fit with measured wind data [13] . The probability density function is given as follows [38] [39] [40] [41] [42] [43] [44] [45] :
where ܸ, ‫ܭ‬and ‫ܥ‬ are respectively the wind speed, the shape factor (unitless) and the scale parameter ሺ݉/‫ݏ‬ሻ.
We note that the shape factor ‫ܭ‬ value is an indication of the breadth of the wind speeds distribution. Sites with small ‫ܭ‬ values correspond to broad distributions of wind speed, meaning that winds tend to vary over a large range of speeds and thus the power produced by the wind turbine would vary accordingly. Sites with large ‫ܭ‬ values correspond to narrower wind speed distributions, meaning that wind speeds tend to stay within a narrow range and thus the wind turbine would produce a steadier power. We reminder also the scale parameter ‫ܥ‬ indicates how 'windy' a wind location under consideration. There are several methods which have been proposed to estimate Weibull parameters [14] ; graphic method, maximum likelihood method and moment method are commonly used to estimate Weibull parameters. Also, a recent method proposed by Akdag and Dinler [15] in 2009 that is referred to "the power density method" will be exhibited in the following section.
• Moment method Justus [16] et al. have proposed the moment method where the shape factor k and scale parameter ‫ܥ‬ can be estimated with the following expressions:
where ߪ, V ഥ , Γ are respectively the standard deviation, the mean wind speed and the gamma function. The standard deviation ߪ can be calculated as follows:
(Eq. 5) Furthermore, the mean wind speed V ഥ is calculated by:
୧ୀଵ ቁ (Eq. 6) where n is the number of wind speed measurements.
Γ is gamma function which is defined by the following integral equation that can be solved by the standard formula [17] :
• Cumulative probability method This method is derived from the cumulative distribution function which is determined by : ‫ܨ‬൫ܸ ൯ ൌ ∑ ‫‬ሺܸ ሻ ୀଵ (Eq. 8) where ‫‬ሺܸ ሻ is the percentage probability for each winds class which can be given by the following relation:
where ݂ and ݊ are respectively the frequency of each observed speed class and the number of wind speed measurements.
The probability of having all wind speeds will be unity:
ሺܸሻ ܸ݀ ‫‬ ‫‬ሺܸሻ ܸ݀ ஶ ൌ 1(Eq. 10) In another hand, the above expression can be written as follows:
‫‬ pሺVሻdV ൌ ஶ V 1 െ FሺVሻ (Eq. 11) After integration of pሺVሻ from V to infinity we obtain:
Thus, we achieve the cumulative probability function of a Weibull distribution. In order to write the above relation in a linear from, we take twice logarithm of the cumulative probability function:
(Eq. 14) Now we assume that: ‫ݔ‬ ൌ lnሺܸሻ and ‫ݕ‬ ൌ ln ሺെ݈݊ሾ1 െ ‫ܨ‬ሺܸሻሿ ) (Eq. 15)
Using this assumption, (Eq. 15) will have a linear form: ‫ݕ‬ ൌ ‫ݔܣ‬ ‫,ܤ‬ if ‫ܣ‬ ൌ ݇ and ‫ܤ‬ ൌ െ݇ lnሺܿሻ where ܿ ൌ exp ቀെ ቁ.
Thus, the Weibull parameters are related to the parameters ‫ܣ‬ and ‫ܤ‬ of the line. ‫ܣ‬ is the slope of the straight line and ‫ܤ‬ is its intersection point ordinate with the y-axis. The analytical calculation of ‫ܣ‬ and ‫ܤ‬ is possible using the least squares method (LSQM).
• Maximum Likelihood method Stevens and Smulders [18] have suggested the Maximum likelihood method where the shape factor and the scale parameters of the Weibull distribution are estimated by the two following equations:
(Eq. 19) where ܸ and n are respectively the wind speed and the number of observed nonzero wind speeds. Using this method, the calculation has two steps such that: (i) calculate the summations in Eqs. (18) and (19) with looking out of zero wind speeds which make logarithm indefinite and at that moment determine the shape parameter with help of (Eq. (18) and (ii) find scale parameter using a numerical technique in order to find the calculate the root of (Eq. 19) around k = 2 [19] .
• Power density method Akdag and Dinler [19] have suggested a new method, namely power density method, which is very useful to estimate scale and shape parameters thanks to its easy completion, simple formulation and also needs less computation. Indeed, it does not require binning and solving linear least square problem or iterative procedure.
According to the PD method, the shape parameter, ‫,ܭ‬ can be calculated using the following expression:
where ‫ܧ‬ is the energy pattern which according to the literature is between 1.45 and 4.4 for overall wind distribution in the world.
The energy pattern can be expressed also as follows:
where ሺܸ ത ሻ ଷ and ܸ ଷ തതതത are respectively the average cube of wind speed and the average of wind speed cubes. It is noticeable that:
(Eq. 23) where ܸ and ݊ are respectively the observed wind speed in time stage ݅ and the number of non zero wind speed data points. After computing the shape parameter using (Eq. 20), the scale parameter can be also calculated easily using the following expression:
where V ഥ , Γ are respectively the mean wind speed and the gamma function.
FREQUENCY DISTRIBUTION ACCURACY
In order to control the accuracy of each mentioned Weibull distribution method (M-M: moment method, CP-M: cumulative probability method, ML-M: maximum likelihood method and PD-M: power density method) two examinations are mainly adopted; the first one is the correlation coefficient, R ଶ , which can be calculated by :
The second one is the root mean square error, RMSE, which is given as follows:
where N, y ୧ , x ୧ and ‫ݕ‬ ത are respectively the total number of intervals, the frequencies of observed wind speed data, the frequency distribution value calculated with Weibull distribution and the average of y ୧ values. It is concluded as better method if R ଶ magnitude is bigger or RMSE value is smaller.
CUMULATIVE PROBABILITY FUNCTION
The cumulative probability function of the Weibull distribution is given as [20] :
This function gives the probability of the wind speed exceeding the value ‫ݑ‬ which is expressed by [71] :
The probabilities of a wind speed between ‫ݑ‬ ଵ and ‫ݑ‬ ଶ is given by:
MOST PROBABLE AND OPTIMUM WIND SPEED
There are two meaningful wind speeds for wind energy assessment; the most probable wind speed and the wind speed carrying maximum energy can be simply obtained. The most probable wind speed ܸ ெ is referred to the most frequent wind speed for a given wind probability distribution. It can be calculated as the following:
The optimum wind speed for a wind turbine ܸ ை is the speed that generates the most energy. The wind turbine must be selected with a rated wind speed that matches this maximumenergy wind speed for maximize the generated energy. This wind speed can be calculated as follows [21] :
ENERGY AND POWER IN THE WIND
The kinetic energy, ‫ܧ‬ , of a mass ݉ of air that moves through a cross section ‫ܣ‬ perpendicular to the wind speed ܸ may be expressed as follows:
(Eq. 32) As the mass of air is the product of the air density ߩ and the volume of the air that passes through the area ‫ܣ‬ during the period ‫.ݐ‬ The energy ‫ܧ‬ may, therefore, be expressed as follows:
33) It is well known that the power of the wind that flows at speed V through a blade swept area A increases as the cube of its velocity and is given by :
(Eq. 34) The wind power density, ܲ ௗ ሺ ߩ, ܸሻ, defined as the power per unit of area perpendicular to the direction from which the wind is blowing. ܲ ௗ ሺ ߩ, ܸሻ depends on the air density and wind speed. It is given as follows :
, , is the basic unit for measuring the power contained in the wind [13] . Wind power density of a site based on a Weibull probability density function can be expressed as follows [22] :
(Eq. 36) Once wind power density of a site is given, the wind energy density for a desired duration (a month or a year) can be expressed as: Mean wind speed
This section covers the monthly and the yearly diurnal variation of mean wind speed, the annual and the seasonal wind direction, the comparison between the exact wind speed data and the results provided by four Weibull methods in terms of wind frequency distribution. Then, the yearly and the seasonal frequency distribution will be predicted by the most accurate method. Also, the yearly and the seasonal wind ''speedprobability duration'' of the Tunisian Gulf will be shown. Finally, the exact power density will be fitted by the abovementioned Weibull methods in order to conclude which method predicts it more truthfully.
DIURNAL MEAN WIND SPEED AND WIND DIRECTION ANALYSIS DUIRNAL MEAN WIND SPEED
The diurnal variation of wind speed gives information about the availability of appropriate winds during the entire 24 h of the day. Thus, to study this pattern, overall hourly mean values of wind speed for every month and for the whole year are shown in Fig. 2 . It is mentioned that the diurnal wind speeds has practically the same shaped trend of variation for all the considered months. It can be found that the daytime, from 7 a.m. to 7 p.m., is windy over all the year, while the night time is relatively calm. Because of thermal convection, the vertical exchange in momentum would be most manifested during early afternoon which, and therefore, results an increase of wind speed. Contrarily, the vertical exchange in momentum is less at night that contributes a decrease of wind speed. The hourly means increase at around 7 a.m. and the peaks are reached at around 4 p.m. After that, the afternoons are characterized by decreasing wind speeds. This point toward that higher electricity could be produced during 7 a.m. to 7 p.m, which also coincide with higher electricity demand time in Tunis. Besides, one can observe that during the summer months a significant rate of variation is occurred which can be explained by the high temperature stratification at the summer period. In fact, as shown from Fig. 2 the highest variation of diurnal mean wind speed is observed during the month of August and it is registered that mean wind speed varied from 3.4 m/s at 7 a.m to 8.2 m/s at 3 p.m. One can observe also that March, April and May corresponds to the windiest period (spring season) of the whole year with a maximum mean wind speed exceeding the value of 8.66 m/s.
It have to mention that as the accessible data corresponded only to 1 year, no decisive outcomes should be carefully pinched, additional examination should be carried out, since neglecting the diurnal wind patterns could result in significant under-or overestimation of the wind energy potential of the measurement site.
Fig. 2.Yearly and monthly diurnal mean wind speed
WIND DIRECTION ANALYSIS
The prediction of wind direction is very imperative when the installation of a wind turbine or a wind farm. For this reason, it has to construct wind roses based to hourly mean wind speed and corresponding wind direction values. Wind roses differ from one site to another and are identified as form of meteorological fingerprints. Hence, a close look at the wind rose is very useful for sitting wind turbines. So, if a large share of wind comes from a particular direction then the wind turbines should be installed against that direction. To construct the wind rose and analyze the frequency distribution, all hourly average values of wind speed and wind direction were used, and the obtained wind roses are shown in polar diagrams and are measured clockwise in degrees. The cardinal points (from 0° to 360°) are divided in 16 sectors and each of them covers an arc of 22.5°. The frequencies are plotted in polar diagrams (wind Rose) with respect to the resulted cycle, at 30 m above ground level. Fig. 3 (a) shows that the yearly direction of wind blows in the Gulf of Tunis is characterized by its obvious stability. It is noticeable that the most probable wind direction is between 270° and 360°, i.e. southeastern winds. According to the same figure, it is observed that the wind frequency appears to be very low in southwestern, south-southwestern, northeastern and eastnortheastern directions . It is remarkable that the widespread winds are southeastern on a contribution of available energy estimated to 20.42%.
One can observe that during the spring season Fig. 3 . (b), the wind prevalent directions are the west and the southeast with a contribution for the producible winds respectively by 16.08% and 18.70%. Also, during this season, the average wind speed did not go over 15 m/s. During the summer season Fig. 3 . (c), the phenomenon of sea breeze, which takes place when temperature differences between the land and the cost increase [28] and therefore a wind from the sea that develops over land near coasts, has a significant impact on the wind direction. It is clear that during this season, the wind flows essentially from the northern and the southeastern directions with a percent of producible wind that exceeds respectively 17% and 20%. One can deduce that this phenomenon has an important contribution to the available wind energy in this site. Besides, Fig. 3. (c) shows that during the summer season the average wind speed is always less than 10 m/s and rarely it exceeds this value. During the autumn season Fig. 3. (d) , the frequencies with which the wind direction falls within each direction sector are very low compared to the other seasons and we conclude that this period corresponds the most stable season of the year with only. The prevalent wind flows from the southeastern direction with a percent equal to 22.16%. Finally, the obtained results during the winter season Fig. 3 . (e) that the winds blows from the western and the southeastern directions with a percent respectively equal to 17.69 and 19%. It is obvious also that during this season, the probability of high wind speeds are mainly low compared to whose observed during the other seasons. shows the probability density function, or the fraction of time, based on the four above-mentioned methods compared to the exact wind speed data where the wind speed is within the interval given by the width of the columns (here 0.1 m/s is selected). The choice of this bin interpolation is explained by the fact that it shows with precision the probability of a wind speed being in a 0.1 m/s interval centered on a certain value of ܸ. A wind speed frequency histogram is obtained by dividing the number of observations in each bin by the total number of observations in the data set. This actual wind speed observations was fitted in the widely wind energy by Weibull distribution and the suitability of the four well-known distribution will be judged as the first main objective of this paper. The veracity of the Weibull distribution function is mainly assessed according to its ability as how close the predicted probability by Weibull distribution is to the obtained frequency. In this part of this study, air density is considered equal to 1.225 Kg/m 3 . The correlation coefficient (R 2 ) and the root average square error (RMSE) are used to evaluate the performance of the four Weibull distributions. As shown from Fig. 4 , frequency distributions the predicted by the abovementioned methods fit with good accuracy the exact wind data. Table 2 illustrates the analysis results of the shape factor ‫,ܭ‬ the scale parameter ܿ, the correlation coefficient (R 2 ) and the root average square error (RMSE) of each Weibull distribution method. According to the results shown in Fig.4 and Table 2 , Power Density method predicts more accurately the wind speed based to the R 2 and the RMSE analysis because it corresponds to the biggest value of R 2 equal to 0.82489 and the smallest RMSE value equal to 0.02859. Thus, it is recommended to predict the wind speed distribution in the central coast of the Gulf of Tunis using the Power Density method. The corresponding values of the yearly shape factor ‫ܭ‬ and scale parameter ܿ are respectively 1.90083 and 6.36771. 
FREQUENCY DISTRIBUTION ANALYSIS
Once the monthly shape factor (݇) and scale parameter ܿ are calculated analytically using the power density approach, the estimated annual and monthly Weibull frequency distributions of wind speed of the studied station are shown in Fig. 5 and table 3. According to the results given by table 3, it is found that the maximum of average wind speeds are achieved during the months between June and March reaching its highest value of 6.94 m/s in March. Also, the lowest values of average wind speed are recorded in September and October months reaching its smallest value of 4.54 m/s during the month of October. The results recapitulated in table 3 show also that the Weibull parameters are distinctive for different months in a year, which averages that the monthly wind speed distribute differently over the whole year. It is clear also that, the shape factor ݇ ranges from 1.59 to 2.43 where it tends to be higher from April to September. The highest ܿ value is 7.83 m/s in March and the lowest is found to be 5.3 m/s in October. Fig. 5 . shows that the peak frequencies are shifted towards the higher values of average wind speed. The highest peak frequencies are registered during September and October months reaching respectively the values of 16.11 and 17.41% while the yearly peak frequency does not exceed the value of 13.50%. We can observe also the same pattern by comparing the peak of frequency distribution between the yearly one and the lowest values of probability distribution which are related to March and May months. Moreover, the yearly frequency distribution cannot evenly describe well the optimal wind speeds because even it has roughly the same peak of frequency distribution relatively compared to December and April months, the optimal wind speeds of these two months are respectively 5.60 and 3.50 m/s while the yearly optimal average wind speed is 4.03 m/s. Hence, it is clear that the yearly frequency distribution cannot describe accurately the monthly ones in term of peak frequency and optimal wind speed. Therefore, we precede a seasonal frequency distribution analysis to refine better the evaluation of wind frequency distribution. Table 3 . Monthly average wind speed, Weibull parameters and wind power density at 30 m height Fig. 5 . Monthly frequency distribution The seasonal probability distributions of wind speeds are given in Fig. 6 . One can observe that the obtained seasonal frequency distribution according to the power density method describe very well the wind speed distribution in term of peak frequency and optimal wind speed along the months in the considered season with the exception of the autumn season. For instance, in winter, spring and summer seasons, the discrepancy in term of peak frequency between the seasonal and the corresponding monthly distributions does not exceed 0.01% while it can go over 0.018% during the autumn season.
Fig. 6. Seasonal frequency distribution
CUMULATIVE DISTRIBUTION FUNCTION
Wind turbines are designed with a cut-in speed, or the wind speed at which it starts to produce power, and a cut-out speed, or the wind speed at which the turbine will be shut down to prevent the drive train from being damaged. For most wind turbines, the range of cut-in wind speed is 3.0-4.5 m/s, so the probability P ሺV 3.0ሻ and P ሺV 4.5ሻ are computated as follows:
The probability, which can be expressed also by thousand of operating hours in a year, gives the duration as a function of velocity. It is observed that the operating hours of turbines can reach 6896 hours per year (78.72%) if the cut-in speed is 3.0 m/s, and 5224 hours (59.63%) if the cut-in speed is 4.5 m/s (assuming the cut-off wind speed is infinite). Hence, the operating ratio is high over the year and the wind power potential in the Golf of Tunis is promising and wind turbines in this region can run efficiently almost all the time. Fig. 7 . shows the seasonal curves ''speed-probability'' in the studied site at 30 m above ground level. It is noticeable that the four curves have similar changing trend. However, the tendency of decline is higher for autumn and winter seasons than spring and summer seasons. For instance, during the dry period of the year, means both spring and summer seasons, for velocity 3 m/s, the duration of operating hours is about 7446 (85%), while during whole year and the wet period (autumn and winter seasons), the operating hours is about respectively 6920 (79%) and 6395 (73%). This is a hopeful result because during the dry period of the year, the wind turbines can operate powerfully and meet the highest electricity demand of Tunis especially corresponding of cooling buildings and even the number of operating hours during the wet period is lesser than whose occurred in the dry one, it is promising because heating buildings installations in Tunis has not operating with high electricity background. 
MOST POBABLE AND OPTIMUM WIND SPEED
The optimum and the most probable wind speeds for the different periods during the year at six hub heights are summarized in table 4. It is found that both the most probable and optimum wind speed increases with height throughout the entire year. It is clear that for all considered ground level heights the lowest values of most probable wind speed are observed in January month while its highest values are achieved during the month of June.
Besides, the highest and the lowest values of the most probable wind speed are reached respectively during the spring and the winter season. For instance, the most probable wind speed attains the value of 5.257 m/s at 30 m.a.g.l in the spring season while it is slightly more than 3.59 m/s in the winter season.
Concerning the optimum wind speeds, its highest and lowest values are registered respectively during the months of May and October. One can remark also that the biggest values of optimum wind speed are achieved in the spring season while the smallest ones are reached in the autumn season. For example, the optimal wind speed reaches the value of 10.59 m/s in the spring season at 30 m.a.g.l while it is only about 8.35 m/s in the autumn season. Table 4 . Yearly, seasonally and monthly most probable and Optimum wind speed for different hub heights
WIND POWER ANALYSIS
As shown in Fig. 8 , one can observe that the power density has the same trend of monthly variation. It is found that the highest value of power density is achieved in the month of March reaching 367.04 W/m 2 while its lowest value corresponds to 101.86 W/m² occurred in October. Table 5 summarizes the comparison in of wind power density P d and average wind speed V av between the actual data and the results obtained by the four methods mentioned previously. It is clear that the moment method (M-M) is the best method for predicting the actual wind power density according to the Error P d with a value of 0.172%. One can deduce also that the Cumulative Probability method (CP-M) presents the highest value of Error with a value of 5.470%. Based to the results shown in the Table  5 , the power density method (PD-M) presents an Error P d of 1.164 % and this issue proves that the best method for fitting the frequency distribution of wind speed given by the measurement data does not coincide always with the method which truthfully estimates the wind power density. Table 5 . Monthly Comparison between average monthly speed and power density calculated using Weibull parameters estimated from the four methods and actual data in the gulf of Tunis at a height of 30 m
CONCLUSION
Detailed statistical study of wind speed and power at different hub heights in the central coast of the Gulf of Tunis in Tunisia is exhibited. Hourly mean wind speeds with a 10-min time step provided by the NRG weather station were statistically analyzed. Wind speeds and power densities are modeled using Weibull probability function. The shape factor and the scale parameter are identified using four different methods; the moment method, the cumulative probability method, the maximum likelihood method and the power density method. The four probability density functions have been fitted to the measured probability distributions and the power density on a yearly basis (2008) (2009) . First, based to the results given in terms of the correlation coefficient (R 2 ) and the root mean square error (RMSE) of each Weibull distribution function considered in the survey, it is found that the Weibull probability function, with parameters predicted from the power density method (PD-M), estimates with accuracy the exact frequency distribution than the other methods. Second, according to the analysis of the Error P d , it is found that the moment method (M-M) estimates the wind power density more truthfully than the other methods. In this study, the most important characteristics of wind resource have been investigated. The results show that the central coast of Tunis in Tunisia is an important region for exploiting the power of wind to generate electrical energy.
